Background and Purpose-Intravenous thrombolysis (IVT) is underutilized in ethnic minorities and women. To disentangle individual and system-based factors determining disparities in IVT use, we investigated race/sex differences in IVT utilization among hospitals serving varying proportions of minority patients. 
I
schemic stroke is a leading cause of disability and mortality in the United States. 1, 2 Minorities, particularly black and Hispanic individuals, have higher age-standardized stroke prevalence rates compared with their white counterparts, and ischemic stroke occurs at an earlier age in blacks compared with whites. [3] [4] [5] Similarly, lifetime stroke incidence is higher among women compared with men, mainly because of increased longevity among women in the setting of higher stroke rates in older age groups. 3, 6 Clinical outcomes after ischemic stroke are consistently worse in minorities and women, in part because of differences in quality of care between different race and sex groups during stroke hospitalizations. 4, [7] [8] [9] Intravenous thrombolysis (IVT), the cornerstone of acute stroke therapy associated with improved mortality and functional outcomes, is underutilized in minorities, even when only considering eligible patients presenting within 3 hours of onset of symptoms. [10] [11] [12] [13] [14] Similarly, analyses of data from single-center studies, registries, and administrative databases have found lower odds of IVT in women compared with men, 9, [15] [16] [17] [18] although considerable between-study variation exits. 19, 20 The underlying reasons for these observed race and sex disparities are not known but may include individual (patient and provider) factors, as well as system (hospital) factors.
Institutional and health system-related factors contributing to the observed race and sex differences in IVT utilization have been insufficiently explored. Some hospitals, especially those located in urban neighborhoods, serve a substantially higher proportion of minority patients and may differ from hospitals serving predominantly white populations in their organizational structure, availability of equipment and specialists, and funding. 21 Access to and outcome after medical and surgical interventions differs between patients admitted to a hospital predominantly serving white patients and those predominantly serving minorities, that is, in patients admitted for myocardial infarction or carotid stenosis [22] [23] [24] ; however, it is unclear whether there are differences in IVT utilization by race or sex within and between predominantly white versus predominantly minority hospitals.
To disentangle individual and system-based factors contributing to disparities in IVT use in the United States, we sought to determine whether IVT utilization differs by race and sex among hospitals serving varying proportions of minority patients. Identifying individual and hospital factors contributing to underutilization of IVT may aid in developing strategies to mitigate present race and sex disparities.
Methods

Data Source
Data were obtained from the Nationwide Inpatient Sample (NIS), part of the Healthcare Cost and Utilization Project, sponsored by the Agency for Healthcare Research and Quality. 25 The NIS is the largest all-payer inpatient database in the United States, representing a 20% stratified sample of all admissions to nonfederal US hospitals. NIS captures information about demographics, hospital characteristics, primary and secondary diagnoses and procedures, comorbidities, and case severity measures on several million hospital discharges each year. All diagnoses and procedures are recorded using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM) codes. Detailed information on the design and contents of the NIS is available at http://www.hcup-us.ahrq.gov. Because NIS data are publicly available and contains no personal identifying information, this study was exempt from institutional review board approval.
Case Selection
For this retrospective cross-sectional analysis of discharge data from the NIS, we identified adult cases with primary diagnosis of ischemic stroke by using ICD9-CM codes 433 26, 27 We excluded elective admissions and patients enrolled in a clinical trial (ICD9-CM code V70.7). The unit of observation in NIS is discharge after hospitalization. Cases transferred from another hospital were excluded because IVT is typically administered at the hospital of initial presentation and to prevent double counting of the same patient. This algorithm has been shown to identify acute ischemic stroke with high sensitivity and specificity. [28] [29] [30] In addition, cases with missing information on race/ ethnicity and sex, the primary exposures of interest, were excluded.
Primary Exposures, Hospital Strata, and Outcome of Interest
The primary exposures of interest were self-reported ethnic minority race, sex, and race-sex interaction. Minority race included all patients self-identifying as black, Hispanic, Asian, or other. Among ischemic stroke admissions, we compared differences in IVT administration between white men, white women, minority men, and minority women within strata of hospital serving predominantly white or predominantly minority patients. Hospitals were stratified into 3 groups based on the proportion of minority patients: predominantly white hospitals (<25% minority stroke patients), mixed hospitals (25%-50% minority stroke patients), and predominantly minority hospitals (>50% minority stroke patients). The primary outcome of interest was administration of intravenous thrombolysis as identified by ICD9-CM procedure code 99.10.
Comorbidity and Severity Adjustment
We calculated the modified Charlson comorbidity index, a weighted score of 17 different comorbidities validated for outcome adjustment for analyses of administrative data sets using ICD9-CM codes, 31, 32 for each patient. This index has been validated for comorbidity adjustment via ICD-9 coding in ischemic stroke. 33 Case severity was determined using the All Patient Refined-Diagnosis Related Groups, a 4-point ordinal scale (minor, moderate, major, and extreme risk of mortality) derived from age, primary and secondary diagnoses, and procedures. 34 The All Patient Refined-Diagnosis Related Groups algorithm is a validated and reliable indicator of mortality and is commonly used as a severity indicator in studies relating to stroke. 35 
Statistical Analysis
Clinical and hospital-level characteristics in the different hospital strata were compared using χ2 test for categorical variables and Kruskal-Wallis tests for continuous variables. Multivariable logistic regression was performed to determine the association of IVT with the 4 race-sex exposure groups of interest, and statistical interaction between race and sex was explored. Models were adjusted for age, hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission, modified Charlson Comorbidity Index, All Patient Refined-Diagnosis Related Groups severity subclass, insurance status, median household income per patient's ZIP code, hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, atrial fibrillation, valvular disease, thrombocytopenia, alcohol abuse, drug abuse, and chronic kidney disease. Multicollinearity was assessed using variance inflation factors, with values >5 suggestive of multicollinearity. Because the variable race had substantial missingness, sensitivity analysis including imputed values for race via multiple imputation via chained equations was performed. We used a generalized estimation equations approach to account for clustering of patients within hospitals. Statistical analysis was performed using STATA version 13 (Stata Statistical Software: Release 13; Stata Corp, College Station, TX). A P value of <0.05 was considered statistically significant. Ninety-five percent confidence intervals are reported.
Results
Patient Characteristics
Among the 337 201 cases that met inclusion criteria (Figure 1 ), 176 389 (52.3%) were treated at predominantly white hospitals, 93 297 (27.7%) were treated at mixed hospitals, and 67 515 (20.0%) received care at hospitals serving predominantly minority stroke patients. Patient and hospital characteristics of subjects treated in hospitals with varying proportion of minority patients are summarized in Table 1 . Baseline characteristics of patients by IVT use can be found in Table I in the online-only Data Supplement.
Minority Race and Female Sex Are Associated With Decreased Odds of IVT
IVT rates overall were lower among minorities compared with whites (4.25% versus 4.89%; P<0.001) and among women compared with men (4.44% versus 5.00%; P<0.001). In multivariable models adjusted for other demographics, comorbidities, and hospital characteristics, the odds of IVT was lower in minorities compared with whites and women compared with men ( 
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IVT Utilization by Sex and Race Within Strata of Hospitals With Varying Proportion of Minority Patients
White men had the highest odds of IVT in all hospital strata (Table 3) , and the odds of IVT among white men did not differ significantly by hospital strata (Table 4 ; Figure 2 ). Compared with white men, the odds of IVT in white women was significantly lower in minority hospitals compared with white hospitals (Table 3) . White women presenting to minority hospitals had 17% lower odds of IVT than those treated in white hospitals (95% CI, 0.71-0.97; P=0.020; Table 4 ; Figure 2 ). In hospitals caring predominantly for minorities, the odds of IVT were similarly lower for white women (OR, 0.75; 95% CI, 0.67-0.85), minority men (OR, 0.72; 95% CI, 0.62-0.83), and minority women (OR, 0.74; 95% CI, 0.64-0.86), when compared with white men (Table 3 ). There were no sex disparities among minorities in either hospital strata, but minority men and women had the lowest odds of IVT in any of the strata (Table 3) . Among minority men, the odds of IVT was significantly lower in minority hospitals compared with white hospitals (OR, 0.69; 95% CI, 0.59-0.81 versus OR, 0.84; 95% CI, 0.75-0.93; P=0.038; Table 4 ; Figure 2 ). In minority women, the odds of IVT did not significantly differ by hospital strata (Table 4 ; Figure 2 ). Compared with their white counterparts, minority women had significantly lower odds of IVT in white hospitals (OR, 0.88; 95% CI, 0.78-0.99; 
Discussion
The underlying causes for race and sex disparities in IVT utilization after stroke are poorly understood. In the United States, there remains significant residential segregation by race resulting in clustering of minority patients in a relatively small number of minority-serving hospitals. 21, 36, 37 In the present study, we aimed to determine whether individual (patient or provider) or hospital factors best explain disparities in IVT administration by race and sex in a large administrative data set. We found that minority men and white women have significantly lower odds of IVT in hospitals serving predominantly ethnic minority patients compared with hospitals serving predominantly whites, whereas IVT use in white men does not differ between minority versus white hospitals.
Differences in quality of care and utilization of standard of care treatment may depend on several system factors, such as supply of specialists, technological capabilities, or practice patterns, 21 for example, hospitals with vascular neurology consultation capacities have higher IVT rates that those who do not. 38 In our study, structural differences such as a lack of 24/7 access to a vascular neurology specialist in minority hospitals may in part explain the observed lower IVT rates for minority men and white women in minority compared Models were adjusted for sociodemographic factors (age, insurance status, median household income per ZIP code), hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission status, medical comorbidities, and disease severity measures (hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, atrial fibrillation, valvular disease, chronic kidney disease, thrombocytopenia, alcohol abuse, drug abuse, modified Charlson Comorbidity Index, and APR-DRG). APR-DRG indicates all patient refined diagnosis-related group; CI, confidence interval; IVT, intravenous thrombolysis; and OR, odds ratio. Models were adjusted for sociodemographic factors (age, insurance status, and median household income per ZIP code), hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission status, medical comorbidities, and disease severity measures (hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, atrial fibrillation, valvular disease, chronic kidney disease, thrombocytopenia, alcohol abuse, drug abuse, modified Charlson Comorbidity Index, and APR-DRG). APR-DRG indicates all patient refined diagnosis-related group; CI, confidence interval; IVT, intravenous thrombolysis; and OR, odds ratio. *P value for race differences within sex strata, that is, for comparison of minority men to white men, and minority women to white women within hospital strata.
with white hospitals. However, IVT rates for white men did not significantly differ between white and minority hospitals, indicating that minority hospitals in principle are capable of providing comparable care with regard to IVT administration, at least for a distinct subgroup of patients. Therefore, technological capabilities and structural differences are less likely to explain differences by sex and race within any of the hospital strata, as these should not differ within a given hospital (regardless of whether the hospital serves predominantly white or predominantly minority patients). Thus, the presence of differences in IVT administration rates between minority and white hospitals for some groups (minority men and white women) but not others (white men) suggests that individual factors on the provider or patient side may be the main determinants of IVT administration. Of note, the IVT rate in minority women did not significantly decrease with increasing proportions of minorities treated per hospital; however, this was mainly because of the already low rate of IVT in white hospitals.
Minority hospitals more commonly serve predominantly poor and underinsured populations, 21, 39 and emergency department arrival time may be linked to low income and other markers of socioeconomic status. 40 Differences in arrival time and potential contraindications to IVT were not systematically captured in NIS. Although we adjusted for income and insurance status as surrogate markers of socioeconomic status, other variables related to arrival time not captured in NIS, such as health literacy, marital status, availability of transportation, or access to telephone, may differ between white women/minority men living in the vicinity of a predominantly white hospital and white women/minority men who live in close proximity to a hospital serving predominantly minority patients. Similarly, because NIS lacks information on factors determining individual provider decision making, we were unable to determine whether implicit bias among providers may in part explain the disparities observed in our study, as has been shown for thrombolysis decisions in clinical vignettes of patients with myocardial infarction. 41 Despite accounting for hospital stroke case volume and other hospital characteristics, we acknowledge that other process of care measures not accounted for in our analysis, such as door-to-physician times or door-to-imaging times, may differ between predominantly minority versus white hospitals and explain some of the observed differences. [42] [43] [44] In addition to the above-mentioned limitations, our analysis is limited by the potential for miscoded and missing data in large administrative data sets reliant on ICD9-CM coding; however, it is Models were adjusted for sociodemographic factors (age, insurance status, and median household income per ZIP code), hospital characteristics (teaching status, bed size, location, region, and annual volume of stroke cases), discharge quarter, weekend admission status, medical comorbidities, and disease severity measures (hypertension, diabetes mellitus, dyslipidemia, coronary artery disease, peripheral vascular disease, atrial fibrillation, valvular disease, chronic kidney disease, thrombocytopenia, alcohol abuse, drug abuse, modified Charlson Comorbidity Index, and APR-DRG). APR-DRG indicates all patient refined diagnosisrelated group; CI, confidence interval; IVT, intravenous thrombolysis; and OR, odds ratio. Figure 2 . Graphic representation of odds ratios of intravenous thrombolysis (IVT) in hospitals with varying proportions of minority patients, stratified by race/sex. White hospital refers to hospitals with <25% minority stroke patients, mixed hospital refers to hospitals with 25% to 50% minority stroke patients, and minority hospital refers to hospitals with >50% minority stroke patients. White men in white hospitals are the reference. P values compare odds of IVT in minority hospitals to white hospitals within each of the 4 race/sex strata.
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unlikely that there is differential miscoding of diagnoses or procedures by race or sex. To address missingness for race, we performed a sensitivity analysis after multiple imputation for the race variable. Although race is typically self-reported, it is possible that information captured in the race variable is not entirely accurate. We attempted to mitigate the absence of clinical and physiological stroke data in NIS by adjusting all regression models for the modified Charlson Comorbidity Index, a validated measure of patient comorbidities in ischemic stroke and ICH. 32, 33 Other limitations include the lack of information on patient language and provider attitudes or behaviors.
Despite these limitations, our data suggest that IVT is systematically underutilized in white women, and minority men and women, particularly in hospital settings predominantly serving minorities. Differences between hospital strata were only present for women and minorities but not for white men, suggesting that individual more than system and process of care determinants may explaining the observed disparities in IVT use. The identification of specific subpopulations in which IVT is underutilized provides a unique opportunity to implement interventions aimed at mitigating disparities. Strategies improving IVT utilization may best be directed specifically toward minority and female patients in hospitals serving minorities and their providers. Resources addressing access to care, health literacy, patient-provider communication, provider and health system cultural competency, implicit racial bias, and quality-of-care for acute stroke may reduce the observed disparities. Further investigation of factors determining systemic differences in delivery of stroke care between predominantly minority and predominantly white hospitals may allow targeted allocation of resources and serve to develop effective approaches to mitigate and eventually eliminate disparities in IVT utilization across the United States.
